To assess how shorter length of stay (LOS) associated with hospitalist care than with care by other physicians varied according to patient and hospital characteristics and to explore whether these differences in LOS changed over time in the Medicare population. DESIGN: Retrospective cohort study using data from a 5% national sample of Medicare beneficiaries. For 2006 admissions, differences in LOS were greater in older patients and patients with a higher diagnosis-related group (DRG) weight. The differences were three times as great for medical as for surgical DRGs, with greater differences in LOS at nonprofit than for-profit hospitals and at community than teaching hospitals. CONCLUSION: The shorter LOS associated with hospitalist care would appear to be greatest in older, complicated, nonsurgical patients cared for at community hospitals. J Am Geriatr Soc 58:1649-1657, 2010.
I
n the United States, the growth of hospitalists started in the 1990s, coincident with the shift to managed care and pressures to reduce costs. [1] [2] [3] [4] Prospective trials and observational or quasiexperimental studies have compared hospitalists with nonhospitalists in caring for general medical admissions. 1, 2, [5] [6] [7] [8] [9] [10] [11] [12] Almost all of these studies found that patients cared for by hospitalists had a modestly shorter hospital length of stay (LOS). It is not yet clear what effect this shift in care delivery will have on the care of the elderly population. Older adults tend to have multiple hospitalizations and longer lengths of stay because of their complex disease status and multiple comorbidities. This poses substantial challenges and opportunities for hospitalists. 13, 14 Almost all prior studies of hospitalist care were from single institutions and from academic hospitals. Because of that, there is little information on whether the effect of hospitalists varies according to type of hospital. For example, academic hospitals are typically less efficient because of the presence of trainees. 15, 16 One might posit that hospitalists would have a greater effect in academic than in community hospitals. A recent study of patients cared for by hospitalists and nonhospitalists at 45 hospitals found little variation in the effect of hospitalists on LOS. 12 Specifically, it found no variation according to teaching status of the hospital in differences in LOS of patients cared for by hospitalists and nonhospitalist general internists or family physicians.
In addition, very little investigation has focused on how the effect of hospitalists might vary according to patient characteristics, such as older age and greater number of comorbidities. 17 Also, hospitalists initially were used in the care of general medical patients but have increasingly been involved in comanagement of surgical patients. 4, 18 Is the effect on LOS similar in both groups?
Finally, no information exists on whether the effect of hospitalists on LOS has been maintained over time. It is possible that the physicians who participated in the early trials of hospitalist care were enthusiasts, motivated to show that this model was superior. Such bias, if present, should diminish over time.
This report examines the effect of hospitalists on LOS in Medicare patients hospitalized at 5,036 U.S. hospitals from 2001 to 2006. The availability of national Medicare data allows the influence of time and patient and hospital characteristics on the effect of hospitalists on LOS to be examined. It was hypothesized that shorter LOS associated with care by hospitalists than care by nonhospitalists would be greater in more-complex cases and in teaching than in nonteaching hospitals and that differences in LOS between patients cared for by hospitalists and nonhospitalists would decrease over time. Analyses examining the influence of hospital and patient characteristics on differences in LOS associated with hospitalist care were limited to 2006 data, the most recent year available. For those analyses, beneficiaries enrolled in health maintenance organizations or without both Medicare Parts A and B for the entire 12 months before the admission (n 5 22,899) were excluded. Also excluded were 5,986 admissions that could not be linked to the DRG weight file. This left 91,065 admissions cared for by hospitalists and 223,525 admissions cared for by nonhospitalists in 2006.
METHODS

Source of Data
Measures
Medicare enrollment files were used to categorize patients according to age, sex, and ethnicity (white, black, other). A Medicaid indication in the enrollment file was used as a proxy for low socioeconomic status. Information regarding origin of admission (emergency department (ED) vs other), weekend versus weekday admission, admission with intensive care unit (ICU) stay, and discharge DRG were obtained from the MEDPAR files. DRG weight reflects the average amount of resource use for each DRG. Information on residence in a nursing facility before admission and discharge to home or to another healthcare facility was obtained from the MEDPAR files and by searching for any evaluation and management codes associated with nursing facilities 20 in the 3 months before admission. Elixhauser comorbidity measures 21 were generated using inpatient and physician claims from MEDPAR, Outpatient Statistical Analysis Files, and Carrier files. Total number of hospitalizations and total number of outpatient visits in the year before the index hospitalization were generated from MEDPAR and Carrier files.
Hospital informationFZIP code, county, state, total number of hospital beds, type of hospital, and medical school affiliationFwere obtained from the POS file. Metropolitan size was generated from 2000 Census data. Metropolitan size and total number of hospital beds were categorized according to quartiles; states were grouped according to census region; type of hospital was categorized as nonprofit, for profit, or public; and medical school affiliation was categorized as none, minor, or major.
Hospitalists were identified as generalist physicians who had at least five Medicare evaluation and management claims and generated 90% or more of these claims from care provided to hospitalized patients in the years studied. This definition was shown to have 84.2% sensitivity and 96.5% specificity when validated at seven hospitals. 4 
Study Outcome
The study outcome was hospital LOS, obtained from MEDPAR files.
Statistical Analyses
The relationship of hospitalist care to LOS was evaluated using generalized estimating equations (GEE) with log link normal distribution. These models accounted for the clustering of patients within hospitals and controlled for hospital characteristics (region, metropolitan size, total number of beds, type of hospital, and teaching affiliation) and patient characteristics (age, sex, race, socioeconomic status, DRG group, ED admission, admission with ICU stay, weekend admission, comorbidity, DRG weight, and total number of hospitalizations and provider visits in the 12 months before the index admission). The interactions between hospitalist care and hospital and patient characteristics on LOS were tested. To reduce skew and account for outliers, the analyses were repeated excluding admissions in which LOS was more than 3 standard deviations above the mean. To remove the cluster effect within patients, analyses were repeated to include only the first admission in a year for each patient.
The association between decrease in LOS associated with hospitalist care and overall LOS was assessed using linear regression for the top 25 medical and 15 surgical DRGs, which accounted for 57.5% of all admissions. All tests of statistical significance were two-sided. Bonferronicorrected P-values and 95% confidence intervals (CIs) corresponding to corrected P-values were reported to account for multiple comparisons. Analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC).
Selection Bias
In preliminary analyses, it was found that patients cared for by hospitalists were less likely to have an identified primary care physician (PCP) before admission. 22 Patients with an established PCP differ from those without, in that they are younger and have fewer comorbidities. Therefore, to reduce the baseline differences between the cohorts of patients receiving hospitalist and nonhospitalist care, all analyses were repeated restricting the cohort to patients with an identified PCP.
Additionally, propensity score analyses were conducted 23, 24 for patients cared for by hospitalists and nonhospitalists in 2006. The propensity that a hospitalist would care for a patient was generated from a logistic regression model that incorporated the potential confounders listed in Table 1 . Patients were grouped into five strata representing quintiles of the propensity score. The CochranMantel-Haenszel chi-square test was used to determine whether the covariance was balanced after adjusting for propensity quintiles. Covariates that retained a significant difference between patients cared for by hospitalists and nonhospitalists were age (P 5.005), comorbidities of alcohol use (P 5.04) and drug abuse (P 5.008), number of provider visits in the 12 months before admission (P 5.01), ED admission (Po.001), hospital size (Po.001), hospital medical school affiliation (Po.001), and metropolitan size (Po.001). These variables were adjusted together with the propensity score in the GEE models. The association between hospitalist care and LOS within each quintile of propensity was reported. Table 1 provides hospital and patient characteristics stratified according to whether patients received hospital care from a hospitalist or nonhospitalist in the 2006 cohort. The two groups differed according to number of comorbidities, average number of doctor visit in the year before index admission, DRG weight, percentages with ED admission, ICU use, residence in a nursing home before admission, discharge location, hospital teaching status, hospital size, and size of the metropolitan area. Because of the large sample size, almost all differences between the two groups were statistically significant. It is more important to focus on the magnitude of any differences rather than their level of statistical significance. Inpatient mortality was similar (3.6% vs 3.5%) between the two groups. Table 2 shows the differences in LOS between patients cared for by hospitalists and nonhospitalists for all hospital admissions and for the top 10 DRG admissions in 2006. Table 2 presents the unadjusted mean lengths of stay for patient cared for by hospitalists and nonhospitalists, plus the difference in LOS between the two groups, unadjusted and adjusted for all the variables in Table 1 . For all admissions, the adjusted average LOS was 0.36 (95% CI 5 0.26-0.46) days shorter for patients cared for by hospitalists, 7.1% lower. A significantly shorter LOS was associated with hospitalist care for nine of the top 10 DRGs, ranging from 0.18 to 0.88 days. There were only small differences between the unadjusted and adjusted differences in LOS.
RESULTS
The analyses shown in Table 2 were repeated twice: restricting them to data on a maximum of one admission per patient per year and excluding admissions with lengths of stay more than 3 standard deviations above the mean. These modifications had little effect on the results in Table 2 . To reduce baseline differences between the hospitalist and nonhospitalist groups, the analyses were also restricted to admissions for which the patient had an identifiable PCP before admission. In those analyses, the difference in adjusted LOS between the hospitalist and nonhospitalist groups was 0.44 days (95% CI 5 0.35-0.52), compared with the 0.36 days reported in Table 2 . Propensity analyses were also performed, stratifying admissions in quintiles based on propensity of receiving hospitalist care. The differences in LOS between the hospitalist and nonhospitalist group ranged from 0.25 (95% CI 5 0.12-0.37) to 0.52 (95% CI 5 0.38-0.65) days, with greater differences in LOS in the quintiles with the highest propensity of receiving hospitalist care.
To examine whether the shorter LOS associated with hospitalist care varied according to patient and hospital characteristics, two-way interactions were performed between hospitalist care and each of the characteristics included in the models in Table 2 . The effect of hospitalist care on LOS varied significantly according to age, medical versus surgical DRG, DRG weight, type of hospital, hospital teaching status, and ICU stay but did not vary significantly according to region, metropolitan size, or patient socioeconomic status. Table 3 shows the differences in adjusted average LOS between those cared for by hospitalists and nonhospitalists, stratified according to each of those characteristics. The differences are expressed as adjusted differences in days and as percentage less LOS.
The differences in LOS were greater in older patients and in those without an ICU stay (Table 3 ). Adjusted LOS differences between patients cared for by hospitalists and nonhospitalists were about three times as great for medical patients as for surgical patients. Similarly, there was a strong association between DRG weight and the effect of hospitalist care on LOS. LOS differences between hospitalist and nonhospitalist care were three times as great in the highest quartile of DRG weight as in the lowest (0.26 vs 0.78 days). LOS differences were greater in public and nonprofit than in for-profit hospitals and in nonteaching than teaching hospitals.
In Table 3 , the results expressed as percentage shorter average adjusted LOS were similar to the results expressed as difference in LOS in days, with the exception of DRG weight. Because underlying LOS was greater with greater DRG weight, percentage shorter LOS did not vary as greatly according to DRG weight. Figure 1 presents analyses for the top 25 medical and top 15 surgical DRGs. The adjusted differences in LOS between hospitalist and nonhospitalist care are plotted against the average total LOS for patients receiving nonhospitalist care. Two findings are apparent. First, there is a strong association between the magnitude of the difference in LOS associated with hospitalist care and overall LOS. Second, the association is different for admissions with surgical and medical DRGs.
For both medical and surgical DRGs, the correlation between shorter LOS and overall LOS is strong (correlation coefficient (r) 5 0.67 for medical DRGs and r 5 0.73 for surgical DRGs). Also, the slopes of the two regression lines do not differ significantly (P4.56), but the intercepts of the two curves are quite different (P 5.001). In the case of surgical DRGs, the effect of hospitalists on LOS became apparent only when the overall LOS for a given DRG was approximately 4 days or longer. With medical admissions, the effect of hospitalist care was apparent even in DRGs with very short overall mean lengths of stay.
Patients cared for by hospitalists were less likely to be discharged to home than those cared for by nonhospitalists (59.1% vs 61.6%). Whether the difference in LOS was associated with discharge location was assessed. The unadjusted differences in LOS between patients cared for by hospitalists and nonhospitalists were similar for those discharged to home (0.39 days, 95% CI 5 0.36-0.43) and those discharged to another health care facility (0.41 days, 95% CI 5 0.33-0.49). Also, the effect of the interaction between hospitalist care and discharge location on LOS was not significant (P 5.68) in the multivariable GEE model. 
DISCUSSION
The shorter LOS associated with hospitalist care than with care by nonhospitalist physicians in 5,036 hospitals nationally in the Medicare population are consistent with findings from prospective trials and observational studies.
1,2,7-11 An observational study of 45 hospitals reported an adjusted 0.4 days shorter LOS. 12 A prospective trial found an adjusted LOS 0.49 days shorter in the second year of the trial, 8 whereas another trial reported a LOS 0.6 days shorter. 5 Because shorter LOS associated with hospitalist care differ according to DRG and hospital type (Table 2, Figure 1) , hospital difference or differences in the distribution of diagnoses in the studied populations might explain differences between studies.
The amount of the difference in LOS associated with hospitalist care varied significantly according to age, complexity of disease, and whether the patient had an ICU stay during admission. As hypothesized, differences in LOS were greater in older patients and those with complex disease. This is consistent with analyses from one academic hospital showing a greater effect of hospitalists in more-complicated patients. 17 These results support the concept that hospitalist care has a meaningful effect on reducing LOS in geriatric medicine. Of the 25 most-common medical and 15 mostcommon surgical DRGs, there was a strong linear association between difference in LOS associated with hospitalist care and average LOS for that DRG. Overall, the difference in LOS associated with hospitalist care was lower in surgical DRGs than medical DRGs. A number of investigators have reported on hospitalist care in surgical patients, particularly in orthopedic surgery, and have found shorter LOS, [25] [26] [27] but no prior studies have compared the effect of hospitalists on surgical and medical patients or according to specific DRGs.
It was also hypothesized that the effect of hospitalists on LOS would be greater in academic than community hospitals, given the inefficiencies in care associated with teaching services. 15, 16 The opposite was the case; community hospitals had greater differences in LOS between hospitalist care and nonhospitalist care. Hospitalist care was associated with greater differences in LOS at nonprofit than at for-profit hospitals. This may be because for-profit hospitals have multiple mechanisms in place to reduce LOS in addition to hospitalist care. 28 Alternatively, different types of hospitals may attract different kinds of patients, and these differences may not be entirely controlled for in multivariable analyses.
It was hypothesized that the magnitude of LOS differences associated with hospitalist care would diminish over time. It was reasoned that the prospective trials of hospitalist care would have attracted highly motivated physicians as hospitalists, which may have resulted in decreases in LOS resulting more from greater physician motivation than from the hospitalist model per se. In fact, it was found that the association between hospitalist care and shorter LOS in- This research has certain limitations. First, hospital costs were not assessed. Medicare claims data provide information only on charges, which are variably related to costs. 29 Preliminary analyses showed that the correlation between total hospital charges and LOS was 0.73. LOS was focused on because it was felt to be a more-direct measure Security Administration. Low socioeconomic status was defined as whether the beneficiary applied for eligibility and met the low-income requirement for Medicaid. See ''Methods'' section for definition of Elixhauser comorbidity measure. Medical and surgical diagnosis related group (DRG) was based on the groupings published in our previous study.
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ÃÃ P-value was from chi-square test for categorical variables and from t-test for continuous variables. A Bonferroni correction was used to account for multiple comparisons. P-values shown have been calculated using the following formula: 1-(1-original P-value). 50 There are 50 comparisons in the of resource usage than charges. Second, a functional definition of a hospitalist, a generalist physician who derived 90% or more of evaluation and management charges from hospitalized patients, was used. 4 Prior work on hospitalists has used different definitions. [5] [6] [7] [8] The definition used in the current study did not reflect physician's experience, nor did it take into account physician's time spent on teaching and research. This definition also excluded medical subspecialists who are hospitalists. 30, 31 Third, this study had a very large sample size, which allowed many interactions to be tested and multiple covariates to be controlled for, but the large sample size also caused the analyses to be overpowered. Nevertheless, the magnitude of differences between two groups, not statistical significance, was focused on. It is likely that the 0.36-day shorter mean LOS translates into meaningful cost savings. A $268 average lower cost for patients cared for by hospitalists with a similar difference in LOS as in the current study was previously reported. 12 Another limitation is that patients cared for by hospitalists differed from those cared for by nonhospitalists. For example, they were on average slightly younger and more likely to be in large hospitals and large metropolitan areas. These differences were addressed in several ways. First, these differences in patient and hospital characteristics were adjusted for in multilevel, multivariable analyses. Second, the analyses were repeated restricting them to patients with an identified PCP, reducing the baseline differences between patients seen by hospitalists and nonhospitalists. Third, admissions were stratified into quintiles based on propensity of receiving hospitalist care. These maneuvers did not substantially affect the estimates of differences in LOS associated with hospitalist care. Overall, the quality of hospitalist care, patient and family satisfaction with care, regional variation in LOS associated with hospitalist care, and the outcomes of hospitalist care such as readmission rates were not addressed. Further studies in these areas will give a more-comprehensive understanding of hospitalist care.
In summary, the overall difference in LOS associated with hospitalist care in the Medicare population is modest but has increased over time. The difference varies according to patient and hospital characteristics, with the greatest percentage differences in LOS found in the very old and those with complicated disease. Ã Differences in adjusted LOS were estimated from the model including all significant two-way interactions (Po.001) between the characteristics listed in the table and hospitalist care and their main effects, adjusting for additional hospital characteristics (metropolitan size, number of beds) and patient characteristics (sex, race or ethnicity, low socioeconomic status, weekend admission, total number of hospitalizations, and total number of provider visits in year before admission). w Percentage difference in adjusted length of stay was calculated by difference in adjusted LOS divided by adjusted LOS for admissions with nonhospitalist care.
DRG 5 diagnosis-related group. 
